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Abstract__ Currently, the electrical power shortage in Iraq and the existence of programmed stoppage mechanism 
at the Ministry of Electricity does adversely affects the work of information systems. Videoconferencing is 
uninterruptable systems which is one of the most important activities in information technology and e-learning 
systems. The study aims to design solar (alternative) system to run Videoconferencing systems in Iraq. Iraq is one 
of the ideal countries for the application of such a system in terms of: its geographical location which provides a 
number of sunny hours at a rate of (6-5) hours per day, and the lack of cloudy days for summer and winter. A 
method of sizing stand-alone photovoltaic systems regarding the reliability to satisfy the load demand, economy of 
components, and discharge depth exploited by the batteries is presented in this work. This paper introduced 
number of necessary mechanisms to increase the economic benefit, as well as the level of scientific services that 
are supported by this system. The results described in this paper confirmed that the design of system parameters 
(solar size, charge controller, battery bank, inverter features, size of wiring and base plate moving vertically to 
measure the angle of inclination (tilt)) are give higher efficiency in the use of solar panels. 
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1. Introduction 
A stand-alone power system based on photovoltaic arrays that store the excessive energy from 
Renewable Energy Sources (RES) in the form of electric energy for many application. The key 
decision factors for the power management strategies (PMSs) are the level of the power provided by 
the RES and the state of charge (SOC) of the accumulator [1]. 
Power systems based on RES setout off-grid energy supply for various applications, such us 
electrification of rural and remote areas with problematic grid connection, powering of 
telecommunication stations, energy intensive desalination of water and water pumping for irrigation or 
drinking purposes. These systems are usually a combination of photovoltaic systems (PV-systems), 
wind generators and diesel generators [1–4]. Sometimes they are accompanied by micro-hydro 
generators that utilize water potential energy to produce electricity [5–7]. 
Sun is the source of inexhaustible energy; emit energy in the form of (light, heat, and 
electromagnetic radiation). Radiation consists from sun as a result of nuclear fusion reactions which 
occur deep in the heart of sun. Sun produce heat and light that received to ground to maintain 
sustainability of life and it loses mass of 4 million tons each second. This mass turns to energy in its 
three forms. Just imagine the amount of energy emitted!!!, according to the iconic equation of physics 
that given by Albert Einstein who proposed his special theory of relativity in 1905 [8].  
 ܧ ൌ ܯܥʹ ǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ Ǥ ሺͳሻ
             Where   E: Energy,  
                          M: Mass of an object                
                           C: Speed of light (2.9  x 108 meters/sec). 
Solar makes its way to the earth through space in a separated packet of energy called photons.  
Irradiance intensity on the ground is (1000 - 1500) W/m2, where the amount of light incident ground 
depends on [9]: 
x time (time of day), 
x today for the year (day of the year), 
x amount of clouds accumulated covering point 
x latitude of point 
_______________________________ 
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Photovoltaic word is Greco combined of light and voltage, impute to the direct conversion of 
sunlight into energy by solar cells which is discovered by Alexander Bequerel in 1839. Photovoltaic or 
photoelectric phenomenon describes process of releasing carriers for positive and negative charges of 
semiconductor link (PN junction) when a photon hits the surface of a semiconductor. Since solar cell is 
a semiconductor link composed of two layers made of silicon element, one is (P type) and the other is 
(N type) separated by insulating layer called (barrier) which prevents the transmission of charge 
carriers (electrons & holes) across it [10]. 
Solar power photovoltaic (PV) modules are constructed from a series of cross-welded solar cells, 
each typically is (10cm x 10cm) and producing a specific wattage about 1W with an output of 0.5 V 
(see Figure 1). 
 
 
Figure 1: Typical solar cell. 
 
Individual cells are connected in series (increases the voltage) and in parallel (increases the current) 
into a module called solar panel. Several panels connected together to be solar array as shown in Figure 
2. The output power of a unit solar cell or its efficiency is dependent on a number of factors such as 
crystalline silicon, polycrystalline silicon, and amorphous silicon materials, Table 1. The efficiency of 
panel is determined by how much of the sun’s light energy is absorbed by the semiconductor to 
generate current. The increased efficiency of the panel means more wattage can be produced from the 
same amount of light [11]. 
 
Table 1: Efficiency of solar cell unit 
Level of Efficiency in % Production Level of Efficiency in % Lab Material 
14 to17 approx. 24 Monocrystalline Silicon 
13 to15 approx. 18 Polycrystalline Silicon 
5 to7 approx. 13 Amorphous Silicon 
(a)                         (b)                                                                         (c ) 
Figure 2: (a) PV cells are wired in series to increase voltage, (b) PV cells are wired in parallel to increase current, and (c ) PV is 
modular: Cells are assembled into modules, and modules into arrays. 
 
The structure of paper is as follows: in Section 2 a stand-alone power system design procedure is 
briefly described. Section 3 presents the components of a stand-alone solar PV and provides the 
implementation details. A sensitivity analysis of the system performance with respect to key decision 
parameters attempts to identify the optimal operating factors for the RESs in Section 4. Section 5 
reports the simulated results and evaluates the performance of PV system. Finally Section 6 gives the 
work conclusion. 
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2. Stand-Alone System Design 
Recently, with the critical situation of electrical in Iraq, the need for an alternative energy source 
instead of traditional energy sources becomes an urgent need, especially Iraq is considered one of the 
sunny countries and percepts good solar radiation over the year. In this research; the design of a 
reliable control system process were analyzed step by step, beginning with modeling the global solar 
radiation passing through orientation and tilting, ending to PV and battery sizing. The typical solar 
power applications that will be reviewed include stand-alone systems with battery backup, commonly 
used in remote telemetry; vehicle charging stations; communication repeater stations; space missions, 
satellites   and numerous installations, an extended design application of stand-alone systems also 
includes the integration of an emergency power generator system.  
 There are different types of stand- alone solar system mainly [9]:  
1- Stand- alone solar system with back up battery  
2- Stand- alone hybrid solar system with back up battery and (diesel generator and/or wind 
generator). 
In this work, we apply item (1) above, because we are passionate about renewable energy, and 
dislike using diesel, petrol or LPG generators [12]. 
This paper discussed examining the concepts of how a stand-alone system worked and how to 
connect the panel, the batteries, and the load together. Investigating commercially-available systems 
assisted in determining what equipment is required to build a complete stand-alone structure. The next 
stage was to establish the equipment necessary to operating the system, so it would be durable and cost 
effective. The design of the system began with the amount of maximum load needed to operate the 
VDC room devices and other appliances (watt) and the operating hours for each device. This 
information established the panel size, the capacity of battery bank, charge control and the inverter, all 
of these calculations achieved by general system sizing. Figure 3 shows basic components of stand-
alone power system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Figure 3: General stand-alone power system. 
 
The general design procedure is: 
x Determine loads—both kWh and ac or dc kW. 
x Determine energy storage requirements. 
x Set system availability.  
x Size PV and other generation to meet load directly or charge the energy storage subsystem. 
x Chose voltage, wiring, inverter, controls to match max current plus. 
 
3. System Descriptions 
Stand-alone systems can be built to power small loads, like water pumps and street lights, to the 
vast loads of a house. The equipment required to build a stand-alone system includes a solar panel, a 
charge controller, and batteries. For loads that require AC power, an inverter would be added to the 
design [11]. To control the output voltage of a panel, a maximum power point tracker MPPT is 
employed to increase the efficiency of the power to the batteries and load. The components of each 
system vary due to the size of the load and the hours of operation during the night. For projects that 
operate during the day, the battery may only need to last minutes to hours, depending on the load. 
Systems that have loads that operate at night require determining the number of hours the load operates 
and from this the panel and batteries are selected. Dependability of the load must be considered to 
determine the amount of reserve energy the system must have to provide continuous operation. The 
Sunlight 
Solar PV Array 
Battery Storage 
Grid Tie Inverter 
Grid Load 
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advantages of a stand-alone system are independent from the power grid, replacement of petroleum-
fueled generators, and cost effective compared to running the power lines to remote areas. The 
disadvantages are the availability of the grid power to most locations, the cost and replacement of 
equipment, and the loss of power during periods of poor solar insolation [9]. 
 
3.1 System component 
Photovoltaic system is composed of a variety of equipment in addition to the photovoltaic array, a 
Balance-of-System that wired together to form the entire fully functional system capable of supplying 
electric power and these components are [12]: 
1- Photovoltaic Cells represent the fundamental power conversion units. They are made from 
semiconductor and convert sunlight to electricity. An individual photovoltaic cell is usually quite small, 
typically producing 1 or 2 watts of power. To increase the power output of photovoltaic cells, they are 
connected together to form larger units called modules. Modules, in turn, are connected in parallel and 
series to form larger units called panels and arrays to produce electric power that meets almost any 
electric need [13, 14]. Because of high efficiency we used a monocrystillian panels (sharp) with a 
bypass diode (schottky diode) to protect the panels from reverse flow of current from battery bank to 
the panels at night time. Table 2 shows PV Cells specifications. 
 
Table 2: Solar panel specifications 
Item Requirement Description Figure 
Maximum power 175 WATT Max. power (Pmp), peak output power point 
 
 
Solar Panel 
 
 
Solar Array 
Isc 5.4  A 
Short circuit current (Isc), operating point 
with shorted output, voltage and power 
output equal zero. 
Imp 4.95 A Max. power current (Imp), operating current at peak power output. 
Voc 44.4 V 
Open circuit voltage (Voc), operating 
point under zero loads, current and power 
output equal zero. 
Vmp 35.4 V Max. power voltage (Vmp), operating voltage at peak power output . 
Operating 
temperature (cell) –40 to +90  °C  
No. of cell 72 CELL  
Nominal voltage 24V  
Dimension 1.575 x 826 x 46 mm (1.30 m2)  
 
2- Battery Bank is the heart of the system; it stores the electrical energy [15]. The ancient battery!!!!  
In 1936, while excavating the ruins of a 2000-year-old village near Baghdad, called Khujut Rabu, 
workers discovered a mysterious small jar identified as a Sumerian artifact dated to 250 BC. This jar, 
which was identified as the earliest battery, was a 6-in-high pot of bright yellow clay that included a 
copper-enveloped iron rod capped with an asphalt-like stopper. The edge of the copper cylinder was 
soldered with a lead-tin alloy comparable to today’s solder. The bottom of the cylinder was capped 
with a crimped-in copper disk and sealed with bitumen or asphalt. Another insulating layer of asphalt 
sealed the top and also held in place the iron rod that was suspended into the center of the copper 
cylinder. The rod showed evidence of having been corroded with an agent. The jar when filled with 
vinegar produces about 1.1 V of electric potential [16]. 
A German archaeologist, Wilhelm Konig, who examined the object, came to the surprising 
conclusion that the clay pot was nothing less than an ancient electric battery. It is stipulated that the 
Sumerians made use of the battery for electroplating inexpensive metals such as copper with silver or 
gold [4]. Subsequent to the discovery of this first battery, several other batteries were unearthed in Iraq, 
all of which dated from the Parthian occupation between 248 BCE and 226 CE. In the 1970s, German 
 Ebtesam N. Abdullah AlShemmary et al. /  Energy Procedia  36 ( 2013 )  369 – 379 373
Egyptologist Arne Eggebrecht built a replica of the Baghdad battery (see Figure 4), and filled it with 
grape juice, which he deduced ancient Sumerians might have used as an electrolyte. The replica 
generated 0.87 V of electric potential. Current generated from the battery was then used to electroplate 
a silver statuette with gold [16]. 
 
 
Figure 4: Baghdad battery elements. 
 
One of the most significant components of solar power systems consist of battery backup systems 
that are frequently used to store electric energy harvested from solar photovoltaic systems for use 
during the absence of sunlight, such as at night and during cloudy conditions [16]. Good deep-cycle 
batteries can be expected to last for 5 to 15 years [4], and sometimes more. While cheap batteries can 
give you trouble in half that time. Common flooded-type batteries are usually equipped with removable 
caps for maintenance-free operation. Gelled-type batteries are sealed and equipped with a small vent 
valve that maintains a minimal positive pressure. Figure 5 shows AGM batteries which also equipped 
with a sealed regulation-type valve that controls the chamber pressure within 4 pounds per square inch 
(lb/in2) [16]. The ampere-hour capacity of a battery depends on the size and number of plates of the 
cells, the amount and concentration of electrolyte (particularly in valve-regulated cells), and the 
number of parallel strings of cells used. The conditions under which a battery is used can change the 
available capacity of the battery, as illustrated in the following examples [17]: 
a) Low temperatures reduce capacity 
b) High discharge rates reduce capacity 
c) High end-of-discharge (EOD) voltages reduce capacity 
d) Limitations on the depth of discharge (DOD) reduce capacity 
e) Failure to properly recharge a battery limits its capacity 
f) Excessive periods of high temperature and/or overcharge may result in the loss of water from the 
electrolyte, premature aging, and limit capacity of batteries. A 150 Amp.h / 12 v AGM battery type 
is used to support our Stan-Alone Solar System (SASS). 
 
 
Figure 5: AGM battery 
  
AGM battery is a sealed lead acid battery, virtually maintenance free due to absorbent glass mat 
technology. AGM battery moderate the cost and cycle life, need little maintenance, no liquid 
electrolyte, and install in any orientation [18].  
 
3-Charge Controller is essentially a current-regulating device that is placed between the solar panel 
array output and the batteries. These devices are designed to keep batteries charged at peak power 
without overcharging. Most charge controllers incorporate special electronics that automatically 
equalize the charging process [16]. Charge controllers block reverse current and prevent battery from 
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getting overcharged. Some controllers also prevent battery over discharge, protect from electrical 
overload, and/or display battery status and the flow of power [18]. Figure 6 shows charge controller 
used in Video Conference (VDC) room at university of Kufa (UOK). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Charge controller 
 
4- Inverter is a device that changes a low dc-voltage into usable ac- voltage. It is one of the solar 
energy system's main elements, as the solar panels generate dc-voltage. Inverters are different by the 
output wave format, output power and installation type. It is also called power conditioner because it 
changes the form of the electric power. There are two types of output wave format: modified sine-wave 
(MSW) and pure sine-wave. The MSW inverters are economical and efficient, while the sine wave 
inverters are usually more sophisticated, with high-end performance and can operate virtually any type 
of load. There are also two types of inverters for installation, stand-alone installation and grid-
connected installation [18]. Figure 7 shows inverter used in UOK. Table 3 gives summary of the 
proposed system components models and electrical characteristics. 
 
Figure 7: Inverter  
 
Table 3: Proposed system components models and electrical characteristics 
Derivation Total Price $ No. of Unit/Price $ Electrical  Characteristics Component Item 
Japan 8750 10/875 Sharp/175w, 24v, 4.95A Solar panel 1 
Germany 2800 8 /350 Hobika/150Ah, 12v Battery AGM 2 
EU 200 1/ 200 Ptl (12,24,48)v, 40A Charge controller. 3 
USA 2500 1/2500 APSX6048 / 48V, 230Vac, 6000w Inverter 4 
LOCAL 850 1/850 Capacity /10panel Panels frame 5 
Multi 250  #4 20m & #10 copper #0 1m 
Wires & protection 
accessories+ combiner + 
ccct breaker 
6 
 15350 $ Total Cost    
 
 
3.2 Configuration 
The solar panels need to be configured to match the system DC voltage, which is determined by the 
battery. System voltages are typically, 12V DC and 24V DC, larger systems will operate at 48V DC. 
The operating voltage of a solar panel in a stand-alone system must be high enough to charge the 
batteries. Figure 8 shows the proposed system design, in which the battery bank at UOK is 48V that 
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require 55.6V to charge it. The solar panel must be able to deliver this voltage to the battery after 
power losses and voltage drop in the cables and charge controller and in conditions in which the solar 
cells operate at a high temperature. A solar panel with a Voc of about 88.8V is required to reliably 
charge a 48V battery. 
 
Figure 8: Proposed system design at UOK. 
 
4. System Sizing 
System sizing is the process of evaluating the adequate voltage and current ratings for each 
component of the photovoltaic system to meet the electric demand at the facility and at the same time 
calculating the total price of the entire system [18]. 
 
4.1 Factors affecting system sizing 
• The average power demand in Watt-hour per day that can be obtained by itemizing all appliances and 
their hours of use each day which is referred to as the load profile. 
• Geographical location that dictates the tilt angel, panel orientation, and the average sun hours per day 
[19]. 
• Using energy-efficient equipments such as compact fluorescent lamps (CFL) for illumination to 
reduce energy requirements. Moreover, hot water and cooking should not be parts of the residence 
photovoltaic system [20]. 
• The use of low-voltage DC powered electric appliances, nowadays available in the market, is also an 
important factor in minimizing the photovoltaic system cost. This will reduce significantly the power 
rating of the inverter that is used to change the DC power of the batteries into AC power adequate for 
the ordinary appliances [21]. 
 
4.1.1 System voltage 
In (SASS) the system voltage, solar panels, inverter, battery bank and controller all need to use the 
same voltage. System voltage are 12, 24, or 48 volt depend on the max. current, max. required power 
and the distance between the solar array and the charge controller. We decided to choice 48V as our 
system voltage to decrease the losses due to the wire resistance as result the wire cross section will be 
not large. 
4.1.2 Maximum load requirements 
The average power demand in Watt-hour per day can be obtained by itemizing all appliances and 
their hours of use each day at videoconference room which is referred to as the load profile. 
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4.1.3 Power consumers and hours of use 
The nominal power and power consumption of the loads play a fundamental role in a stand-alone 
power system. Table 4 shows an overview of standard loads, their nominal power, and typical 
operating times per day, and the total (watt.hour/ day), E= 9582 wh/day.  
 
4.1.4 Geographic location  
The geographical location of the Najaf city makes it one of the relatively sun-rich regions in the 
globe. It is located in the northern hemisphere area of the earth at 32o latitude and 44.3o longitude with 
an annual incident solar irradiance of about 2000 KW.h/m2, (see Figure 9). This implies that the solar 
panel must be mounted facing the south to capture a maximum amount of solar energy. The most 
important factors that will be affected by the site location are panel orientation and the tilt angle. For 
Najaf Strip area, the tilt angle that captures the maximum amount of solar radiation over the whole year 
is given as 30o+ (+15 to -15) from winter (October )  to summer (April) capturing max. intensity of sun 
light. 
 
Table 4: Required power consumption and hours used 
 
 
Figure 9: Yearly sum of direct beam insulation in the world. 
 
4.2 Calculations of proposed system sizing (worksheet design) 
4.2.1 Solar sizing calculation 
Before sizing the solar panels, we need to determine the total daily energy (E), the average of sunny 
hours per day, and the system voltage (Vdc). 
 
x E= 9582 w.h/day (the max. w.h/day ) (see, Table 4)    
x T= 6 hours/day in summer ( 9am-3pm) 
x Vdc = 48v   then  

ܵǤ ܼ ൌ ܧܶ ൌ
ͻͷͺʹݓǤ݄Ȁ݀ܽݕ
͸݄Ȁ݀ܽݕ ൌ ͳͷͻ͹ݓܽݐݐǥǥǥǥǥǥǥǥǥ Ǥ Ǥǥǥ Ǥ Ǥ Ǥ ሺʹሻ
 
To avoid the under sizing of our system we will add another size to the solar to be 1750 watt (i.e. 10 
panels of 175W, 24V, 4.95A). Modules must be connected in series and parallel according to the need 
to meet the desired system voltage and current demands. 
 
W.H/ Day 
No. of 
Operating 
Hours 
No. Max. Power (W) 
 
Device 
 
Item 
1950 3 1 650 VDC system (poly com vsx 7000+ Lcd 32 in.) 1 
640 4 1 160 LED screen   52 inch 2 
1700 5 4 85 Compact fluoresce  lamps 3 
1512 6 4 63 Fanes 4 
600 4 1 150 Laptop 5 
3180 4 3 265 Desktop   PC 6 
9582  W.H/ Day Total Required Load  
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4.2.2 Sizing of battery bank calculation 
Capacity of battery bank is composed of batteries that are connected in series and in parallel 
according to the selected battery voltage rating and the system requirements. The required capacity of 
battery bank is: 
                ሺሻ ൌ ୲୭୲ୟ୪୮୭୵ୣ୰ሺ୉ሻୱ୷ୱ୲ୣ୫୴୭୪୲ୟ୥ୣሺ୚ୢୡሻ ǥǥǥǥǥǥǥǥǥǥ Ǥ ሺ͸ሻ 
                                                             ൌ ଽହ଼ଶ୵Ǥ୦Ȁୢୟ୷ସ଼୴ ൌ ʹͲͲ 
 
Or, we can multiply (E) by safe factor (1.25) to get more capacity (Capacity = 250 Ah) and 
overcome the under sizing. The total number of batteries in series path obtained by: 
                 ൌ ୱ୷ୱ୲ୣ୫୴୭୪୲ୟ୥ୣሺ୚ୢୡሻ୴୭୪୲ୟ୥ୣ୭୤୭୬ୣୠୟ୲୲ୣ୰୷ ǥǥǥ Ǥ Ǥ Ǥǥ Ǥ ሺ͹ሻ  
                                                                            = Ͷͺ
ͳʹ
 =  4 batt. 
                 ൌ ୠୟ୬୩ୡୟ୮ୟୡ୧୲୷୭୬ୣୠୟ୲୲Ǥୡୟ୮ୟୡ୧୲୷ ǥǥǥǥǥ Ǥǥ Ǥ ሺͺሻ  
                                                                              = ʹͷͲ
ͳͷͲ
 =  1.6 | 2 
 
                 ൌ Ǥ Ǥ Ǥ Ǥ Ǥ ሺͻሻ  
                                                              ൌ Ͷʹ ൌ ͺ 
 
4.2.3 Sizing of the voltage regulator 
According to its function it controls the flow of current. A good voltage regulator must be able to 
withstand the maximum current (Imax.) produced by the array. Sizing of the voltage regulator can be 
obtained by multiplying the short circuit current of the modules connected in parallel by a safety factor 
(1.25). 
                    c.c rated current =5 x 5.4 x 1.25 = 33.75 A  
 
The charge controller (c.c) which is used in the proposed system carries these features:  
- Model : ptl 40 
- Temperature sensor and LVD 
- Controlled target values with PWM and ON/OFF mode charging 
- Automatic (12,24,48)V  switching 
- Microprocessor control 
- LCD display ( charge current , system voltage, system Ah, charging mode) 
- Sun indicator (shine  or set ) 
- Max. rated current 40 A  
 
4.2.4 Sizing of the inverter 
When sizing the inverter, we need to know the actual max. power of all the appliances which 
operated by the inverter at the same time (see, Table 4): 
x Max. load power = 650x1 + 160x1 + 85x4 + 63x4 + 150x1 + 265x3 = 650 + 160 + 340 + 252 
                                       + 150 + 795   =   2347 watt  
x Multiply by the safe factor = 2347 x 1.25 = 2933 watt 
To allow system expanding, we will choose the inverter of output continues power with these 
features: 
- Output power = 6000watt 
- Input DC voltage = 48 V 
- Output = 230V AC , 50/60 Hz , pure sine wave 
- Front panel LED statues indicators  
- DC input, full continuous load =145A at 48 VDC 
- Low input DC voltage disconnect  
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4.3 Sizing of system wiring  
Selecting the correct size and type of wire will reduce the losses across the wire due to the 
resistance enhance the performance and reliability of a photovoltaic system. Figure 8 shows the 
proposed wiring diagram of a stand-alone photovoltaic system at UOK. The DC wires between the 
photovoltaic modules and batteries through the voltage regulator must withstand the maximum current 
produced by these modules. This current is given by: Im = 5 × 5.4 × 1.25 = 33.75 A 
Suppose the voltage drop percentage cross the wire is 3%, Distance from s.p to c.c = 20 m. The 
copper wire withstands the max. current produced by PV is #4 AWG (American Wire Gage) , 
21.1mm2. Max. AC current from the inverter to the electric distribution panel with rated AC voltage 
(220v) and power factor (0.9) is: I max= 6000/220 x 0.9 = 30.3 amp. The copper wire withstands max. 
output AC current is #10 AWG , 5.2 mm2. At max. output power of inverter , the max. drained current 
from battery bank = 145A, the cooper wire withstand this current is #0 AWG ,53.5 mm2. 
 
 
5. Results 
Solar energy systems have a good reputation in terms of its positive effects on the environment. 
RES are clean, silent, and provide free energy directly from the sun. Since, RES has been depend on 
bank of batteries, the system can use the inventory of energy in case of dusty atmosphere or after sunny 
daylight hours, allowing us to operating VDC room at any time needing less to the national grid. 
VDC system is installed and running in 2008 and it is working so far. It has been linked to a number of 
breakers to identify over load protection. 
In a stand-alone solar system, there are various parameters that need to be determined to maximize 
the reliability and minimize the load. In this paper, the solar panel tilt angle, the battery size, and the 
solar panel size, are chosen to be studied, because those parameters are usually difficult to determine, 
in a given application. 
The cost of the equipment employed in the system sums up to $15350. According to Table 3, good 
global derivation of the system components leading to continue working without the need to 
maintenance, just (change the angle of inclination of the panels and clean the panels twice a year). We 
can see that the initial cost of the system is expensive, but using such a system in important fields of the 
communication and closed systems for scientific purposes, makes it cheap compared to its use. 
Table 5 shows the output current from the batteries to cover the total load requirements for different 
system voltage. The output power is approximately equal to (3000) watts, suppose that the inverter 
efficiency is (0.9).  
Table 5: Wire sizing for different system voltage 
Voltage Drop % Imax.(pv) / Wire Size  AWG 
Max. Output  Battery 
Current/Wire Size  AWG 
System 
Voltage Item 
3 67.5 A/ #00 138 Amp./  1/0 24 v 1 
3 33.75 A / #4 69 Amp./#2 48 v 2 
 
We consider the number of effective sunny hours in the summer, because the load in winter is less 
than load in summer by (1512) KW.h/day and the number of effective sunny hours in winter is less 
than in summer. As a result of the (lower temperatures in winter, adjusting the angle of inclination at 
the beginning of October, lack of cloudy days throughout the year, and added safety factor in the 
calculation of the capacity of the panels and batteries), the efficiency of panels in the winter is highest 
than the summer. 
For charge controller the max. current is 40 amperes, and the highest output current of panel is 
24.74 amperes in order to avoid the phenomenon of cloud party and to expand the number of panels in 
the future. Inverter capacity is 6000 watts to cover load increasing. To keep batteries bank from 
reaching to deep discharge, that leads to damage the batteries, care has been taken to a property of 
Deep Discharge Disconnect. From an economic perspective, today stand-alone power systems with a 
storage battery are considerably more cost-effective in the kW power range than systems which use 
diesel generators only. The results shows the overall rate of the supplied power of PV system at UOK 
is 9.532 Mw.h since it running at (Feb. 2008 to Nov. 2011) and the average rate for summer and winter 
is 8826 watt.h/day. 
 
            Overall rate (watt.h) = average watt.h/day x total operating days 
                                        = 8826 watt.h/day x (4 x 240 days + 120 days) = 9.532 Mw.h 
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Figure 10 summarize scientific advantages of our stand-alone system in e-learning via establish 
hundreds of VDC between students and professors of the University of Kufa and world universities. 
 
 
 
Figure 10: SASS usage at UOK 
6. Conclusions 
Standalone PV system with efficient battery charging controller by proper design equations has 
been presented in this work. Najaf lies in a very good location for the rich sunshine. The geographical 
location of the Najaf Strip at 32o latitude and 44.3 o longitude makes it a relatively sun-rich region with 
an annual solar irradiance of about 2000 KWh/m2. This implies that solar energy systems would be 
very efficient in this part of the world. The study has presented the components required for the design 
of a stand-alone photovoltaic system that will power all electric appliances at a medium-energy-
consumption VDC room in UOK. The factors that affect the design and sizing of every piece of 
equipment used in the system have also been presented. Over- and under-sizing have also been avoided 
to ensure adequate, reliable, and economical system design. It can be summarized from the analysis 
that photovoltaic power system could play a vital role to mitigate power shortage problem of the region 
and can enhance reliability of quality power supply which is essential for critical loads. 
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